Nuclear factor of activated T cells (NFAT) is an important family of transcription factors that can be activated by calmodulin and calcineurin in human cells. To investigate the expression and clinical significance of NFAT isoforms and calcineurin in non-small cell lung cancer (NSCLC), we collected tumor and adjacent normal tissues from 159 NSCLC patients and assembled them in a tissue microarray. Protein levels of NFAT1, NFAT2, NFAT3, NFAT4, and calcineurin were determined using immunohistochemistry.
The activity of four of five NFAT isoforms, NFAT1, NFAT2, NFAT3 and NFAT4, depends on calcium channels. After external stimuli trigger an increase in intracellular calcium levels, phospholipase C activates calmodulin, which then activates CaN. Activated CaN dephosphorylates NFAT, thereby exposing nuclear localization sequences that promote its nuclear translocation. Once inside the nucleus, NFAT exerts its transcriptional functions. In most cases, NFAT forms heterodimers with other transcription factors, including AP1, MEF2, GATA, and HDAC, and interacts with specific DNA binding sequences to initiate downstream gene transcription [1] . The role of NFAT as a transcription factor in the immune system has been explored extensively and confirmed after its identification in T cells in 1988. In recent years, several studies demonstrated that NFAT also plays important roles in cancer cells. More specifically, NFAT regulates cell cycle, proliferation, apoptosis , invasion , and angiogenesis in a variety of cancer cells, including colon cancer, breast cancer , pancreatic cancer , endometrial cancer , and melanoma. NFAT1 and NFAT2 are expressed in colon cancer cell lines such as Caco2, HT116 and HT29. When NFAT1 and NFAT2 are activated and translocated into nucleus, they initiate the transcription of downstream gene cyclooxygenase2 (COX2) and enhance cancer cell invasion [2, 3] . In breast cancer, NFAT regulates cell motility and invasion by several different mechanisms. The transcriptional activity of NFAT1 and NFAT5 in breast cancer cells is increased by 琢 6茁 4 integrin, resulting in enhanced cell migration [4] . NFAT1 promotes breast cancer cell invasion by inducing COX2 and prostaglandin endoperoxide 2 (PGE2) expression [5] . Furthermore, Aktmediated inhibition of breast cancer cell motility and invasion is due to activation of downstream ubiquitin ligase HDM2, which leads to ubiquitinmediated degradation of NFAT and loss of its transcriptional activity [6] . Pancreatic cancer cells overexpress NFAT2, which enhances cmyc transcription and promotes cancer cell proliferation and malignancy [7] . A more recent study shows that calcium activated NFAT recruits the transcription factor ELK by inducing chromatin acetylation, resulting in formation of NFAT/ELK complex. This complex activates the expression of early transcription factor cmyc and induces pancreatic cancer cell proliferation [8] . In endometrial cancer cells, cooperative interactions between calciumactivated NFAT and activator protein 1 (AP1) activate the expression of cytokine CLCX8 and promote cancer cell proliferation [9] . In malignant melanoma cells , NFAT is activated by the BRAF/MEK/ERK signaling pathway , which regulates the transcription of COX2 to promote tumor cell proliferation [10] . NFAT is also involved in tumorigenesis of Wilms tumor [ 11 ] . Despite this knowledge, the role of NFAT in cancer cells has not been fully investigated. In particular, its regulation of downstream target genes and function in other cancer types are still unclear. Several studies have shown that NFAT regulates lung development in mice. NFAT is expressed in mouse lung epithelial cells and can regulate the expression of pulmonary surfactant [12] . NFAT4, in particular, is an important transcription factor in perinatal lung development and maturation [13] . Moreover, the NFAT mediated signaling pathway plays an important role in lung cancer caused by nickel or arsenic exposure. After exposure to arsenite, normal human bronchial epithelial Beas2B cells were highly resistant to cell apoptosis, which is activated by NFAT through COX2 transcription [14] . In addition to NFAT爷s role in lung development, our preliminary studies have shown that NFAT also participates in lung cancer development. More specifically, in nonsmall cell lung cancer (NSCLC), the total expression level of NFAT is upregulated and related to cell differentiation, tissue type, and other phenotypes [15] . Based on our preliminary data, we sought to further investigate the role of NFAT in NSCLC. In this study, we used isoformspecific antibodies to measure the expression of NFAT14 and CaN, a key regulator of NFAT activity, in NSCLC tissues. The expression patterns were correlated with clinical characteristics to identify calciumregulated NFAT isoforms that play a major role in NSCLC, as well as the relationship between NFAT and CaN in NSCLC.
Material and Methods

Patients and their clinical data
The clinical data of 159 cases of primary NSCLC were collected. Each case had detailed clinical and fiveyear followup data. All patients had undergone surgical treatment at the Cancer Institute and Hospital, Chinese Academy of Medical Sciences, between 1998 and 2001, but no one received preoperative radiotherapy or chemotherapy. The patients爷 ages ranged from 31 to 80, with a median age of 63. Of 159 cases, 111 were male and 48 were female; 74 were adenocarcinoma and 85 were squamous cell carcinoma; 8 were highly differentiated, 103 were moderately differentiated, and 48 were poorly differentiated; and 70 were at stage I, while 89 were at stages II and III.
Samples and reagents
Haematoxylin and eosin (HE)stained paraffin specimens were reexamined by pathologists. For each patient, two different cancer tissue spots and two different normal tissue spots (> 5 cm apart from the cancer tissue s pots) were used for tissue microarray. The diameter of each tissue spot was 1 mm, and each case included 4 spots. Continuous 4 滋 mthick slices were sectioned. Mouse antihuman NFAT1 and rabbit antihuman NFAT3 antibodies were purchased from the British Abcam, Inc. Mouse antihuman NFAT2 and mouse antihuman NFAT4 antibodies were purchased from Santa Cruz, Inc. Rabbit antihuman antibodies were purchased from Canadian Chemicom International, Inc. PV9000 and DAB reagents were purchased from Beijing Zhongshan Goldenbridge Biotechnology, Ltd.
Immunohistochemistry
Slides were dewaxed with xylene and hydrated with gradient ethanol. Slides were then microwaved at high level for 5 min, followed by 15 min microwave at middlelow levels for heat antigen retrieval. After treatment with 3% hydrogen peroxide/80% methanol at room temperature for 30 min to quench endogenous peroxidase activity, slides were incubated with primary antibody at 4益 overnight. Slides were washed with PBS, incubated with PV9000 at room temperature, and developed with DAB staining. Slides were counterstained with hematoxylin as follows: slides were differentiated in 1% hydrochloric acid/75% ethanol, treated with 1% ammonia, dehydrated with gradient ethanol, and then sealed. For negative controls, primary antibody was substituted with PBS.
Slides were independently examined by two pathologists from Cancer Institute and Hospital, Chinese Academy of Medical Sciences. The expressions of NFAT and CaN were scored as 0, 1, 2, 3, or 4 according to staining intensity, and scored from 0 to 4 based on the percentage of positive cells: score 0 (臆 5% ), 1 (6% 25% ), 2 (26% 50% ), 3 (51% 75% ), 4 (76% 100% ). Five high power fields (伊 200) were randomly selected. Final scores were determined according to the sum of both of the scores described above. A final score of zero was defined as negative; scores ranging from one to four were defined as weak positive; and scores higher than four defined as strong positive.
Statistical analyses
Statistical analyses were performed using SPSS13.0 software. The chisquare (字 2 ) test was used to analyze differences between different groups. Correlation of protein expression levels was analyzed using Spearman rank correlation analysis. Survival analysis was obtained by the KaplanMeier analysis, logrank test, and Cox multivariate regression analysis. < 0.05 was considered as significantly different.
Results
Expression profile of NFAT proteins in NSCLC
The specificities of four NFAT antibodies were detected by Western blot analysis. These antibodies specifically recognized NFAT1, NFAT2, NFAT3, and NFAT4 without crossreactivity. We detected the expression levels of these four NFAT isoforms using immunohistochemistry in 159 cases of NSCLC and adjacent normal lung tissues. The results showed that NFAT proteins were positively stained in both the cytoplasm and nucleus (Figure 1 ). Among the four NFAT isoforms studied, NFAT1 was most highly expressed in NSCLC tissues, with positive staining in 52.8% (84/159) samples, whereas only 8.8% (14/159) showed positive staining in normal lung tissue. Of the NFAT1positive NSCLC samples, 42.8%
(36/84) showed nuclear staining. The positive rate of NFAT4 in tumor tissue was 47.2% (75/159), with nuclear staining in 29.3% (22/75) of samples, whereas only 3.1% (5/159) of normal lung tissues were positive. The positive rate of NFAT3 was 28.3% (45/159) in tumor tissues, with nuclear staining in 24.4% (11/45) of samples, whereas only two cases of normal lung tissues were positive. The expression level of NFAT2 was the lowest, with 11.3% (18/159) positive cases, including 22.2% (4/18) that showed nuclear staining. All normal tissues were negative for NFAT2. For each NFAT isoform, the differential expression between tumor and adjacent normal lung tissues was statistically significant ( < 0.001).
Clinical significance of NFAT expression
Immunohistochemistry results showed that 63.5% (47/74) of adenocarcinoma cases expressed NFAT1, which was significantly more than squamous cell carcinoma cases (43.5%, 37/85) ( 2 = 6.340, = 0.012). The positive rate of NFAT1 in patients with lymph node metastasis was 61.6% (53/86), which was significantly higher than that in patients with nonlymph node metastasis (42.5% , 31/73) ( 2 = 5.818, = 0.016). The positive rate of NFAT1 in stageII and III cases was 61.8% (55/89), and that was higher than in the stageI group (41.4% , 29/70) ( 2 = 6.524, = 0.011). The positive rate of NFAT4 was 54.9% (61/111) in highly differentiated group, which was significantly higher than that in the poorly differentiated group (29.2%, 14/48) ( 2 = 8.943, = 0.003). This suggests that NFAT4 expression level is related to differentiation. In addition, 57.6% (49/85) of squamous carcinomas were positive for NFAT4, which is significantly more than adenocarcinomas ( 35.1%, 26/74 ) ( 2 = 8 . 045 , = 0.005). The expressions of NFAT1 and NFAT4 in NSCLC patients were not correlated with age, sex, and smoking condition (Table 1 ). The expression levels of NFAT2 and NFAT3 were low and not significantly related to various clinical factors. Logrank analysis showed that the survival rate of patients with high NFAT1 expression (5year overall survival rate, 45.3% ) was significantly lower than that of (Figure 2 ). Univariate Cox analysis showed that NFAT1 expression, TNM stage, lymph node metastasis, and differentiation were related to patient survival. The patients with high NFAT1 expression had a higher relative risk of poor prognosis than did those with low NFAT1 ( = 1.675, 95% confidential interval = 1.0612.644). However, multivariate Cox regression analysis showed that only TNM stage ( = 0.009) and degree of differentiation ( = 0.027) were independent prognostic factors, whereas NFAT1 overexpression was not an independent prognostic factor ( = 0.079) ( Table 2 ).
The expression of CaN in NSCLC and its relationship with NFAT As revealed by immunohistochemistry assay (Figure  1 ), the overall positive rate of CaN was 47.8% (76/159). The CaN positive rate was significantly higher in squamous cell carcinoma (58.8% , 50/85) than in adenocarcinoma (35.1%, 26/74) ( 2 = 8.897, = 0.003). CaN expression was also significantly higher in the highly differentiated group than in the poorly differentiated group ( 2 = 9.566, = 0.002) and was significantly higher in men than in women ( 2 = 5.766, = 0.016) (Table 3) . However, CaN expression was not significantly correlated with patient survival ( = 0.225). Spearman rank correlation analysis showed that in lung cancer tissues, CaN expression correlated well with the expression of NFAT4 ( = 0.429, < 0.001) ( Table 4) .
Discussion
The five different NFAT isoforms play different roles. NFAT1, NFAT2, NFAT3, and NFAT4 are activated by calcium, while NFAT5 is mainly regulated by osmotic pressure. Previous studies using knockout mice have shown that different NFAT isoforms have isoformspecific roles in mice development. NFAT1 knockout mice showed decreased expression of cytokines and Fas ligand, which led to increased production of splenic B cells and T cells [16] . Heart development in NFAT2 knockout mice is affected [17] , and NFAT4 mainly influences the development of muscle and thymus [18] . Therefore, different NFAT isoforms play unique roles depending on cell type. For example, NFAT2 is expressed in approximately 70% of pancreatic cancers, but both NFAT2 and CaN levels are very low in normal pancreatic or pancreatitis tissues [7] . In the present study, we found that NFAT1 (52.8% ) and NFAT4 (47.2% ) were highly expressed in NSCLC tissues, but the expressions of NFAT2 and NFAT3 were low. NFAT1 and NFAT2 have been shown to play opposite roles in fibroblasts and knockout mice. NFAT1 induces cell cycle arrest and apoptosis in NIH 3T3 fibroblasts, whereas NFAT2 leads to increased proliferation capacity and cell transformation [19] . Our results indicate that NFAT1 and NFAT4 play different roles in lung cancer. NFAT1 expression in patients with lymph node metastasis was significantly higher than that in patients without lymph node metastasis. In addition, the later the TNM stage, the higher the positive expression rate of NFAT1, indicating that NFAT1 acts as an oncogene in lung cancer. The postoperative survival rate of patients with high NFAT1 expression was also lower than that of patients with low NFAT1 expression, indicating that NFAT1 promotes lung cancer recurrence and metastasis by serving as an oncogene. In contrast, the expression levels of NFAT4 in highly and moderately differentiated groups was significantly higher than that in the poorly differentiated group, indicating NFAT4 may act as a tumor suppressor. NFAT4 was highly expressed in squamous cell carcinoma and NFAT1 was highly expressed in adenocarcinoma, suggesting that these two NFAT isoforms play a major role in squamous cell carcinoma and adenocarcinoma, respectively.
CaN is a key protein that regulates NFAT activity. It was highly expressed in almost half of the lung cancer tissues analyzed, and its expression level was significantly related to NFAT4 expression. Similar to the expression of NFAT4, CaN expression was higher in highly differentiated lung cancers and in squamous cell carcinoma. These results suggest that NFAT4 plays a major protective role against squamous cell carcinoma, and its activity is regulated by CaN. Lung cancer is the primary cause of cancerrelated deaths worldwide. Therefore, studies to understand the molecular mechanisms of lung cancer development are highly significant. NFAT proteins are important transcription factors, and our study revealed that two NFAT isoforms, NFAT1 and NFAT4, have opposing roles in lung cancer. Our results, thus, provide new molecular markers for lung cancer. Further studies are needed to identify the downstream targets and molecular mechanisms of NFAT proteins.
